
Miscellaneous Paper EL-93-21
October 1993

US Army Corps ADA273 440
of Engineers
Waterways Experiment
Station

Water Quality Studies:
Hartwell Lake 1992 Summary Report

by Cynthia J. Huffstetler
AScl Corporation

Joe H. Carroll, William E. Jabour
Environmental Laboratory

DTIC
ELECTE
DEC 0 9 1993

SA

Approved For Public Release; Distribution Is Unlimited

93-29951
93 1 2 8 02 .

Prepared for U.S. Army Engineer District, Savannah



The contents of this report are not to be usea for advertising,
publication, or promotional purposes. Citation of trade names
does not constitute an official endorsement or approval of the use
of such commercial products.

FRWTED ON RECYCLD PAPER



Miscellaneous Paper EL-93-21
October 1993

Water Quality Studies:
Hartwell Lake 1992 Summary Report
by Cynthia J. Huffstetler

AScl Corporation
McClean, VA

Joe H. CarrollWilliam E. Jabour
Environmental Laboratory

U.S. Army Corps of Engineers
Waterways Experiment Station
3909 Halls Ferry Road
Vicksburg, MS 39180-6199 Accesion For

NTIS CRA&I
OTIC TAG
Unannouiice_
Justification

By ...........................

Distribution I

Availability Cod•es

Avail andjor
Dist Special

Final report
Approed for public release; distribution is unlimited D~E'fJ QUAL•~ •S?1CTD

Prepared for U.S. Army Engineer District, Savannah
Savannah, GA 31402-0889



US Army Corps
of Engineers
Wdswaysaper'vnent

WaewysEpimmtSaiola.Ign-n-ulctlnDt

Huffeteler, Cythia J

Watr ualtystdie HitwllLae 192sumar rport I by Wit
11aORME.aorJ..Carl;peprdfrUSAmyEgneDstc,

Savannah.

StWOR! EaEpates.Am.Crps of Ennera Savtalgngnah istricat.o I D..Army n

ginseder Wanterway ExeJ etSaio.V.h.V.Seisicla

nimEou papeur (o .Crol rprdfrU.S. Army Engineer WaewasEpeiensttion) ,

E7Lp : .3;28 m Mselae. aer L9-
TA7ude W iligrphca no.EL-93-2



Contents

Preface .......................................... .

Introduction ........................................ 1

Study Site Description ............................ 2

Materials and Methods ............................ 3

Results and Discussions ........................... 4

Summ ary .................................... 8

Bibliography ................................. 10

Figures 1-38

Tables 1-5

SF 298



Preface

A comprehensive water quality study at Hartwell Lake was initiated in
1992 as a cooperative effort by the U.S. Army Engineer District, Savannah
(SAS), and the U.S. Army Engineer Waterways Experiment Station (WES).
This report documents the finding and results of a comprehensive water
quality study at Hartwell Lake and covers the period January through
December 1992 and is the second annual report documenting findings
and results.

The principal investigators for this project were Dr. Robert H. Kennedy
and Mr. Joe H. Carroll, Ecosystem Processes and Effects Branch (EPEB),
Environmental Laboratory (EL), WES. This report was prepared by
Ms. Cynthia J. Huffstetler, AScI Corporation, McClean, VA, and
Messrs. Joe H. Carroll and William E. Jabour, EPEB. Field and technical
support were provided by the following personnel: Dr. John J. Hains and
Mr. William E. Jabour, EPEB; and Messrs. Michael C. Vorwerk and Ryan
L. Bass, Dr. Edward E. Robertson, and Ms. Kimberly 0. Johnson, AScI.

Additional assistance was provided by Messrs. Steve Mason and Kenneth
Bedenbaugh, SAS, under the supervision of Mr. Dick Austin, SAS, and
Mr. C. Michael Alexander, SAS, under the supervision of Mr. Bob Bain,
SAS. Technical reviews of this report were provided by Drs. Kennedy
and Hains and Mr. Steve Ashby, EPEB.

This investigation was performed under the supervision of Richard E.
Price, Acting Chief, EPEB; Mr. Donald L. Robey, Chief, Environmental
Processes and Effects Division; and Dr. John Harrison, Director, EL.

At the time of the publication of this report, Director of WES was
Dr. Robert W. Whalin. Commander was COL Bruce K. Howard, EN.

This report should be cited as:

Huffstetler, C. J., Carroll, J. H., and Jabour, W. E. (1993).
"Water quality studies: Hartwell Lake 1992 summary
report," Miscellaneous Paper EL-93-21, U.S. Army Engineer
Waterways Experiment Station, Vicksburg, MS.
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Introduction

Hartwell Lake is a 22,400 ha impoundment on the Savannah River and
provides hydroelectric power, flood control, water supply, and recreational
opportunities. In 1991, water quality concerns, particularly those factors
related to the entrainment of blueback herring in the deep, near-dam waters,
were addressed in the planning and execution of a comprehensive sampling
regime on Hartwell Lake. The study was later extended to include 1992.
The primary objectives of this investigation were to:

(1) Describe longitudinal water quality trends from the forebay region
into the upper Seneca and Tugaloo River tributary embayments during
both stratified and mixed periods.

(2) Compare and contrast temporal water quality trends at near-dam
stations and those in upstream embayments during a one year period en-
compassing both stratified and mixed periods.

(3) Monitor release water quality in the Richard B. Russell Lake head-
waters through continuous remote sampling in the Hartwell Dam tailrace.
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Study Site Description

Hartwell Lake was completed by the U.S. Army Corps of Engineers
(CE) in 1963 as part of a comprehensive water resource development plan
for the Savannah River basin. Located on the border of Georgia and
South Carolina, Hartwell Lake is a multi-purpose project attracting more
than twelve million visitors annually, making it one of the most popular
CE impoundments in the nation. The lake has a surface area of nearly
22,400 ha, a shoreline of 1530 km, and receives inflows from two major
rivers, the Seneca and Tugaloo Rivers, which join to form the Savannah
River at their conjunction approximately 11 km upstream of Hartwell Dam.
The lake is located downstream of Lake Keowee on the Seneca River and
immediately upstream of Richard B. Russell Lake on the Savannah River.
The project operates at a power pool elevation of 201 m NGVD, with
mean depth and maximum depth of 14 m and 55 m, respectively, and has a
fluctuation limit of 2.6 m. The storage ratio or residence time, is 0.83 years.
Hartwell Dam is an earth and concrete structure, completed in 1961,
which spans %pproximately 5400 m across the Savannah River. The con-
crete secirn, is 570 m in length and rises to 61 m above the riverbed. The
powerhouse contains four 66-MW generators and one 80-MW generator,
which produce an annual average of 453,000 megawatt-hours of electricity.
The average outflow from Hartwell Dam in 1992 was 5998 cfs. Genera-
tion of power is conducted on a schedule dependent on area requirements
and usage.
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Materials and Methods

Regular in-situ sampling was conducted monthly throughout the year
with the exception of February, November and December. Measurements
of temr erature, dissolved oxygen, pH, and conductivity were used to de-
scribe temporal and spatial patterns of water quality within the main stem
and the two major tributaries on Hartwell Lake. Spatial and temporal
trends in chemical parameters were documented during July and October.
Sampling routines coincided with the mid-summer stratified and fall mix-
ing periods. Water samples were collected at fourteen selected stations in
Hartwell Lake and tailrace (Figure 1) and analyzed at the U.S. Army Engi-
neer Waterways Experiment Station (WES) Trotters Shoals Limnological
Research Facility (TSLRF). Chemical analyses for nutrients, organic car-
bon, turbidity, and alkalinity were conducted. A total of fifteen water qual-
ity variables were monitored during the 1992 study (Table 1).

Routine water quality monitoring was conducted in-situ using a
Hydrolab Surveyor II (Hydrolab Corporation, Austin, TX). Temperature,
dissolved oxygen, pH, and specific conductance were calibrated against
known standards before each sampling trip. Sample collection for analysis
of chemical variables was done using a diaphragm pump and vinyl-lined
garden hose. Samples were taken from selected depths, based on seasonal
thermal stratification, and included the surface, bottom of the thermocline,
and bottom waters of each lake station. Pumped samples were obtained
by lowering the sampling hose to the desired depth, allowing sufficient
time for the hose to clear by pumping a volume of water approximately
equivalent to two or three times the volume of the hose, and then retaining
the necessary volume of water for the samples. Outflow samples were col-
lected in a grab fashion with a polyethylene bucket. Samples were iced and
transported in coolers from the lake to the laboratory site. Standard methods
(U.S. Environmental Protection Agency 1979, American Public Health Asso-
ciation 1985) were used for laboratory analyses of water samples.

Hartwell Lake tailwater in situ data (temperature, dissolved oxygen,
pH, and conductivity) were collected and recorded hourly at station 200
with a Schneider Water Quality Monitor, (Model RM25, Schneider Instru-
ment Company, Madeira, Cincinnati, OH). This unit was calibrated regu-
larly during the stratified period using known standards.

3
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Results and Discussions

Precipitation, pool elevation, mean daily inflow and mean daily outflow
for the period 1990-1992 are shown in Figure 2. Precipitation varied con-
siderably throughout the year, measuring 2.71 inches and 3.63 inches in
July and October of 1992, respectively, as compared to 5.03 and 0.40 inches
during the same period in 1991. Chemical sampling trips coincided with
these periods of low precipitation. Increased precipitation in the early
months of 1992 led to increased pool elevations by March that were con-
sistently maintained throughout the year through controlled releases.
Precipitation in the fall was considerably above normal and measured
10.21 inches and 6.44 inches in November and December, respectively, as
compared to normal levels of 4.13 and 4.54 inches in November and De-
cember. Outflows and inflows were slightly higher in the early months of
1992 as compared to 1991, but significantly higher in November and De-
cember of 1992, as a result of the increased levels of precipitation. As in
the previous year, increased elevation and more consistent release levels
significantly altered water quality conditions in the two major embayments
of Hartwell Lake.

Spatial and seasonal thermal patterns for Hartwell Lake are presented
in Figures 3 and 4. Stratification was present from Hartwell Dam to the
headwaters of the Seneca and Tugaloo River embayments from May
through mid-October. Variations in monthly temperatures at Station 210,
located in the Hartwell Dam forebay, illustrate the onset of stratification
in the main body of the lake (Figure 5). The beginning of lake-wide strati-
fication was observed during early March, and was well-defined by mid-
April. Throughout the summer stratified period the thermocline remained
between 10 and 18 meters lakewide. Temperatures in the epilimnion
ranged between 24 and 30 OC, while hypolimnetic temperatures ranged
from 12 to 20 *C during the stratified period. The deepening of the ther-
mocline reflected increased release rates of cooler hypolimnetic waters
during the summer months. Normal seasonal cooling, which began in
early September and continued into October, decreased surface water tem-
peratures, thereby lessening thermal gradients. Continued cooling and fall
mixing resulted in near-isothermal conditions lakewide by November.

Temporal and spatial gradients in dissolved oxygen were observed from
the dam to the headwaters of both main embayments (Figures 6 and 7). An-
oxic conditions developed more rapidly and were more extensive in the
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Seneca River arm than in the T'igaloo River arm, possibiy the result of
greater introduction of organic material is indicated by elevated nutrient
concentrations in the upper reaches of the Seneca River embayment.
Hypolimnetic oxygen depletion was initially observed in the mid-reaches
of both embayments in June. Sustaine'4 releases through Hanwell Dam
during the summer contributed to a re'duction and downstream depletion of
the anoxic zones in both upstream embayments. By mid-October, reacration
of the hypolimnion had occurrea in both river arms due to normal seasonal
cooling, although anoxic conditions persisted in the deeper stations of the
Seneca River. Temroral and vertical changes in the concentration of dis-
solved oxygen were evident in the Hartwell Lake forebay area (Figure 8).
Anoxia in &-..c region was recorded in early September and, although
significantly decreased, lingered in the bottom-most waters until early
November.

In situ measurements of pH showed noticeable temporal variability but
little longitudinal variability in Hartwell Lake (Figures 9 and 10). Mini-
mum and maximum values in July were from 6.2 to 7.4, respectively, as
compared to 5.9 to 6.5, respectively, in mid-October. Maximum values
observed in July occurred in the forebay surface waters were the result of
higher productivity in these areas.

Higher values of specific conductance, corresponding with anoxic con-
ditions, were observed in the mid-reaches of both the Seneca and Tugaloo
River embayments during July and in the deep water stations in October
(Figures II and 12). While lakewide measurements of specific conductiv-
ity averaged 33 to 48 mS throughout much of the study period, conduc-
tance values in the anoxic waters of the Seneca River embayment,
increased to a maximum of 77 mS in July, and to a maximum of 48 mS in
the Tugaloo River embayment. Temporal and vertical changes in specific
conductance data were observed at Station 210, where measurements
ranged from 35 mS in March to 59 mS in October (Figure 13).

Summaries of Hartwell Lake epilimnetic and hypolimnetic in situ and
water chemistry data were compiled and are shown for July and October
of 1991 and 1992 (Tables 2 through 5). Mean values for each parameter
in 1992 were overall lower than those observed for the previous year. As
expected, seasonal trends in the concentrations of chemical variables, as
well as longitudinal and vertical gradients, were most pronounced during
the stratified period. Maximum concentrations in chemical constituents
accompanied anoxic conditions in the bottom waters of the Seneca River
embayment in July and in the deep, near-dam stations in October, but
again, were lower than concentrations observed in 1991.

Concentrations of total phosphorus (TP) in the Seneca River embayment
ranged from 0.010 to 0.019 mg/l in July and was primarily accumulated
in the headwaters, while in October, concentrations ranged from 0.01 to
0.04 mg/l and were well distributed throughout the entire arm. In the
Tugaloo River embayment, however, concentrations ranged from 0.005 to
0.011 mg/l in July, but showed greatest accumulation in the deeper, near-dam
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stations. October TP concentrations ranged from 0.016 to 0.028 mg/l and,
as with the Seneca River arm, were well distributed throughout the embay-
ment (Figures 14 and 15). Increased levels of concentration in TP in the
headwaters during oxidized conditions is probably associated with loading
from external sources. July measurements of total soluble phosphorus (TSP)
and soluble reactive phosphorus (SRP) concentrations in both embayments
were recorded at or just above the detection limits of the analytical instru-
ments. October measurements for TSP ranged from 0.008 to 0.012 mg/l
in the Seneca River arm and from 0.011 to 0.007 mg/l in the Tugaloo
River arm. October SRP measurements for both embayments were at or
just below detection limits (Figures 16-19).

Total nitrogen (TN) concentrations reflected both temporal and spatial
gradients which corresponded to anoxic conditions in Hartwell Lake. Sen-
eca River concentrations ranged from 0.2 to 0.5 mg/l with highest concen-
trations in the anoxic areas of the headwaters and in the deeper forebay
waters. October concentrations also ranged from 0.2 to 0.5 mg/l, but showed
greatest accumulation in the forebay waters (Figure 20). Concentrations of
TN in the Tugaloo River arm in July ranged from 0.2 to 0.4 mg/l but were
well distributed. October levels were in the same concentration range,
but again, were accumulated in the deep waters of the forebay region (Fig-
ure 21). Dissolved nitrogen (DN) concentrations were slightly lower than
total nitrogen but followed approximately the same distribution patterns in
both major embayments (Figures 22 and 23). Maximum concentrations of
ammonia-nitrogen were observed in response to anoxic conditions in the
mid-reaches of both embayments in July and in the deep, near-dam stations
in October. Increased levels in July is thought to be the result of the re-
lease of ammonia from the sediments under anaerobic conditions (Cole,
1988). Concentrations lakewide ranged from 0.0 to 0.2 mg/l (Figures 24
and 25).

Nitrate-nitrogen is routinely found in areas where oxygen is abundant.
However, here it demonstrated an opposite trend, with elevated concentra-
tions in the deep, anoxic, down-lake areas of both embayments in July and
in the upper regions of the Seneca River embayment in October (Figure
26). July concentrations of nitrate-nitrogen ranged from 0.1 to 0.2 mg/l.
Slightly increased levels of concentration in the upper Seneca River in
October were related to the accumulation of ammonia oxidized during the
process of destratification. By October, nitrate-nitrogen concentrations
were below detection limits in the Tugaloo River arm of the lake (Figure 27).
All of the nitrogen species were considerably lower in 1992 than in 1991.

Temporal and spatial gradients in organic carbon concentrations corre-
sponded with anoxic conditions in Hartwell Lake. Concentrations of total
organic carbon (TOC) in July ranged from 0.4 to 1.8 mg/l in the Seneca
River embayment and from 0.4 to 1.2 mg/l in the Tugaloo River embay-
ment (Figures 28 and 29). Dissolved organic carbon (DOC) concentra-
tions in July followed similar patterns, ranging from 0.4 to 1.6 mg/l and
from 0.4 to 1.2 mg/l in the Seneca and Tugaloo River arms, respectively.
During October, concentrations in both embayments ranged from 1.2 to
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1.6 mg/l, with the highest concentrations distributed throughout the
deeper areas near the dam (Figures 30 and 31).

Distribution patterns in total alkalinity concentrations were observed in
July and October and are depicted in Figures 32 and 33. Variability in
these concentrations coincided with the presence of anoxic copditinns,
ranging from 7.0 to 18.0 mg/I in the middle reaches of each embayment in
July. and from 8.0 to 22.0 mg/l in the near dam stations in October.

Gradients in turbidity relative to tributary inflows were recorded in
both the Seneca and Tugaloo Rivers (Figures 34 and 35). The Seneca
River arm showed greatest variability in July with concentrations ranging
from 5 to 30 NTU in the upper reaches, compared to 2 to 10 NTU found
in the upper reaches of the Tugaloo River. Increased values in turbidity
under anoxic conditions may be more indicative of interactions at the sedi-
ment/water interface than of increased biological activity. In October,
both emba; i:.ents showed upstream gradients of 0 to 15 NTU with maxi-
mum values being recorded in the upper reaches of the Seneca River as
well as in *he deep, near dam stations. Distribution patterns and concen-
trations for nutrients followed much the same trends as those observed in
1991. A close review of the data for all chemical constituents showed no
significant changes in trends or concentrations in Hartwell Lake for 1992.

Temperature, dissolved oxygen, pH, and specific conductance were
monitored in the Hartwell Dam tailrace using a Schneider RM-25 Momitor-
ing System, however, actual data collection did not begin until mid-March
due to mechanical difficulties. These variables exhibited seasonal trends
which reflected changing conditions in the forebay of Hartwell Lake.
Temperatures ranged from 10.7 IC in late March to 14.5 0C in July, before
reaching a maximum of 20 OC in mid-October. Dissolved oxygen concen-
trations were nearly 11 mg/I in late March and ranged from 2 to 4 during
the late-summer stratified period when anoxic conditions were prevalent
in the deep water areas of Hartwell Lake. By early November, average
concentrations had risen to 8 mg/l, which corresponded to fall mixing in
the lake (Figure 36). Seasonal variability in pH values were also observed
in the Hartwell Dam tailrace, averaging 6.7 in March, 6.1 in July, and 6.3
during October (Figure 37). Specific conductance values were reflective
of the low conductivity measurements observed in the Hartwell forebay
throughout the year, ranging from 30 to 38 mS (Figure 38). Major shifts
observed in Figure 38 were related to mechanical and calibration difficul-
ties in the RM-25 Monitor later in the year.

7
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Summary

"This report documents the results of comprehensive water quality studies
performed in Hartwell Lake (HW) during the period January through De-
cember 1992. Presented in this report are summaries and comparisons of
water quality conditions observed during monthly in situ sampling trips
and biannual chemical sampling trips within the main stem and two major
embayments on Hartwell Lake.

The onset of thermal stratification began in Hartwell Lake during early
March and by mid-April, extensive stratification was present from the
headwaters of each major embayment to the foret2y. Anoxic conditions
were observed in the middle reaches of the Seneca and Tugaloo Rivers
during the July sampling trip. The greatest concentrations of chemical
constituents within the two embayments were also recorded during the
mid-July sampling period. By mid-October, stratification in the upstream
regions had diminished due to normal seasonal cooling, but persisted in
the deeper waters of the forebay until early November.

Intensive physicochemical sampling during July, revealed increased
concentrations of specific nutrients and organic carbons normally associ-
ated with anoxic conditions in the bottom waters of an embayment. Con-
centrations of those nutrients within the middle reaches of the Seneca
River embayment were consistently greater than those concentrations ob-
served in the Tugaloo River embayment. A subsequent sampling trip in
October indicated that anoxic conditions within the two primary embay-
ments no longer existed. Anoxia did, however, persist in the deeper, near-
dam stations and was confirmed by the presence of greater concentrations
of chemical variables.

Continuous data for temperature, dissolved oxygen, pH, and specific
conductivity were collected using a Schneider RM-25 monitor in the tail-
race below Hartwell Dam. These data reflected seasonal variability and
were indicative of water quality conditions in the forebay of Hartwell
Lake.

Hartwell Dam outflows were fairly consistent in response to precipita-
tion and inflow le-iels early in the year, but nearly doubled September
through November and were more than four times greater in December, this
due to a tremendous increase in precipitation during November. Inflows

8 summn/



were also much higher in those months due to greater than average rain-
fall during August through December, nearly double the inflows observed
in 1991.

Summary 9



Bibliography

American Public Health Association. (1992). Standard Methods for the
Analysis of Water and Wastewater, 18th ed., Washington, DC.

Cole, Gerald A. (1988). Textbook of Limnology, 3rd ed., Waveland
Press, Inc., Prospect Heights, IL.

Hydrolab Corporation. (1987). Operation and Maintenance Manual for
Hydrolab Surveyor II, Austin, TX.

Schneider Instrument Company. (1981). Operation and Service Manual
for Model RM-25 Robot Monitor, Madeira, Cincinnati, OH.

U.S. Environmental Protection Agency. (1979). Manual of Methods for
Chemical Analysis of Water and Wastewater, National Environmental
Research Center, Cincinnati, OH.

10 81bagmy



Figure 1. SaMPWVn stations In Hartwell Lake and tailrace
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Figure 17. Patterns of spatial distribution of total soluble phosphorus concentrations (mg/f) from
Hartwell Dam to upper Tugaloo River, July and October, 1992
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Figure 18. Patterns of spatial distribution of soluble reactive phosphorus concentrations (mgfI)
from Hartwell Dam to upper Seneca River, July and October, 1992
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Figure 19. Patterns of spatial distribution of soluble reactive phosphorus concentrations (ragf)
from Hartwell Dam to upper Tugaloo River, July and October, 1992
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Figure 20. Patterns of spatial distribution of total nitrogen concentrations (mg/I) from Hartwell
Dam to upper Seneca River, July and October, 1992
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Figure 21. Patterns of spatial distribution of total nitrogen concentrations (rag/I) from Hartwell
Dam to upper Tugaloo River, July and October, 1992
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Figure 22. Patterns of spatial disirbiulon of dissolved nitrogen concentrations (mag/I) from Hartwell
Dam to upper Seneca River, July and October, 1992
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Figure 23. Patterns of spatial distribution of dissolved nitrogen concentrations (ragAl) from Hartwell

Dam to upper Tugaloo River, July and October, 1992
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Figure 24. Patterns of spatial distribution of ammonia-nitrogen concentrations (mg/I) from Hartwell
Dam to upper Seneca River, July and October, 1992
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FIgure 25. Patterns of spatial distribution of ammonia-nitrogen concentrations (mg/I) from Hartwell
Dam to upper Tugaloo River, July and October, 1992



200
195 /
190 0GAS

z 185

E 180 -•. .

17 IS 0.15

c170
*165 - JULY
>160 I
.i 150

145
0 10 20 30 40

Distance from Doam, km

200
195
190

z 18 5
E180
E175

c 170
5 165 OCTOBER
0 160
.2 155d 150

145
0 10 20 30 40

Distance from Doam, km

Figure 26. Patterns of spatial distribution of nitrate-nitrogen conoentrations (mgA) from Hartwell
Dam to upper Seneca River, July and October, 1992
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Figure 27. Patterns of spatial distribtion of nitrate-nitrogen concentrations (mg/I) from Hartwell
Dam to upper Tugaloo River, July and October, 1992
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Figure 28. Patterns of spatial distribution of total organic carbon concentrations (mgMI) from
Hartwell Dam to upper Seneca River, July and October, 1992
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Figure 29. Patterns of spatial distribution of total organic carbon concentrations (mg/I) from
Hartwell Dam to upper Tugaloo River, July and October, 1992
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Figure 30. Patterns of spatial distribution of dissolved organic carbon concentrations (mg/i) from
Hartwel Dam to upper Seneca River, July and October, 1992
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Figure 31. Patterns of spatial distribution of dissolved organic carbon concentrations (mg/I) from
Hartwell Dam to upper Tugaloo River, July and October, 1992
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Figure 32. Patterns of spatial distribution of total alkalinity (mg/I) from Hartwell Damn to upper
Seneca River, July and October, 1992
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Figure 33. Patterns of spatial distribution of total alkalinity (rngfl) from Hartwell Dam to upper
Tugaloo River, July and October, 1992



200
195
190

qF 170
0 165 -t MUY

~160
AZ155

LaJ1 5 0

0 10 20 30 40
Distance from Dom, km

200
195

~190 - 0

Z 185

d 170

.0 160 O CT OBER__

145
0 10 20 30 40

Distance from Dam, km

Figure 34. Patterns of spatial distribution of turbidity concentrations (NTU) from Hariwell Dam to
upper Seneca River, July and October, 1992
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Figure 35. Patterns of spatial distribution of turbidity concentrations (NTU) from Hartwell Dam to
upper Tugaloo River, July and October, 1992
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Table I
List of Variables

Inw tu Nuteuuts
Temperaft, Tout organic cuban
Di•m•ked oxygen Dissolved organic crbon
PH TaOW phosphorus
Speclic conductance Tal okbe phphorus

Soluble reacdive phoptomus
Ibyleee lme l Total nitrogen

Tuwbliy T so natrogen
Toutlidainy Ammonkm-nHogn

NiM"Mwt nkrogen

Table 2
Summary of Hartwell Lake Epilimnetic In Situ and Water Chemistry
Data for 22-23 July 1992

Varblaw MOMn Mintimum MIaImum ns

DissolWd Oxygen 7.3 2.0 9.2 s0
Temperaue. -C 28.2 24.5 30.7 80
Specili CondUd nce, PS 28.6 20.0 36.0 65

7.pH 7.0 6.2 7.6 65
Turbift NTUI 2.4 1.4 4.8 7
Suspended Salt. 0
Tout•,alini 7.9 6.6 8.8 11
To Organic Carbon 1.2 0.5 1.8 11
DissCedOrganl•c Cabon 1.1 0.7 1.7 10
Tou Phosphorus 0.009 0.006 0.0o14 11
To-, Soluble Phosows 0.006 0.005 0.005 11
Soukble Reswe Pophous 0.005 0.005 0.005 11
Toau N ,ogen 0.10 0.22 0.17 11
Dissolved Moe 0.05 0.17 0.12 11
Anmmonia Nirogen 0.021 0.020 0.030 11
Nkie Nit Nitwgen 0.020 0.020 0.020 11
1 Unift are n-I excep• or noled variables.

2 Mens are caulaaed using detbction imit valem.
Sn - Number obeervaons an which calculons are boned.



Table 3
Summary of Hartwell Lake Hypollmnetlc In Situ and Water
Chemistry Dfta for 22-23 July 1992

Vrlw memo Mweinimum Maxim, ns

Dissolvd Oxygen 3.8 0.1 9.2 202
Tompomturo, -C 18.6 11.1 25.3 202
8peciicConlo mnos., PS 34.3 21.0 77.0 145
pH. pH unlib 6.5 5.0 7.3 145
Turbidity. NTU's 5.7 1.0 31.0 17
Suseanded Sol" 0
Tol Alk*inl*y 0.5 6.0 18.1 23
Toal Organio Citbon 1.0 0.3 1.5 23
Dilscvod OqgnioCwbon 0.8 0.3 1.3 22
Total Phosphonrs 0.011 0.005 0.075 23
Toil Soluble Phoeuphons 0.006 0.005 0.005 23
Soluble Reai::ve Phoephona 0.006 0.005 0.005 23
ToilNitrogen 0.34 0.150 0.690 23
Dissolved Nilrgen 0.28 0.060 0.580 23
Aonia Nis gen 0.038 0.020 0.140 23
Nie Nitrte Nitrogen 0.141 0.020 0.470 23

1 Unia we n• except ftr noled varables.
a Mulwm ar ould using d-ln kimit values.

n , Number of obeenavlions on which calculalins are based.

Table 4
Summary of Hartwell Lake Epillmnetic In Situ and Water Chemistry
Data for 21 October 1992

veabla memo Minmm Maximum nS

DissolvedOxygen 7.1 4.7 8.4 119
Temnpemae.C 20.0 18.7 20.9 119
SpewofloCanucten. pS 43.5 36.0 56.0 119
pH. pH unks 6.4 6.1 6.5 119
Turblity, NTUs 4.5 2.1 18.0 18
To.i AIkadlnl 8.4 6.6 11.2 18
Totl Organic Cunbon 1.5 1.1 1.9 18
Dlasve Orgnicuban 1.4 1.2 1.7 18
Toel PhosphOnMu 0.020 0.012 0.050 16
TTole Soluble Phosphous 0.011 0.008 0.014 18
Soluble Reacliv Phosphorus 0.005 0.005 0.007 18
Total Nitrogen 0.22 0.16 0.39 18
Disolved Nitrogen 0.13 0.02 0.22 18
Ammoni Niltogen 0.02 0.02 0.04 18
Nitr Nitril Nitrogen r 0.03 0.02 0.13 18

Unit we mugi excp for noted varablee.
Means mue ooUilasd using debetion limit values.

3 n a Number of obervaftions on which calculat•ns am based.



Table 5
Summary of Hariwell Lake Hypollmnetic In Situ and Water
Chemistry Data for 21 October 1992

Vmbw mow * Minimouml Maximum III

Dim •OWdoxygen 1.5 0.1 7.4 50
Temperture.C 16.8 12.9 20.0 so

e Coniicbna, IaS 57.1 40.0 80.0 so
6.1 5.9 6.5 50

Tutbid, N, 9.6 2.3 24.0 12
Tolal linik* 16.1 12.3 23.9 12
TOW Organic Cawbon 1.3 0.9 1.0 12
Disolved Organi Cabn 1.4 1.0 1.7 12
TotalPhosphoru 0.014 0.010 0.024 12
Toal Solub Phosphorus 0.009 0.006 0.014 12
SobuM Reusmov Phosphorus 0.005 0.006 0.005 12
Told Nioogen 0.36 0.19 0.61 12
Disealvc Nirogen 0.31 0.15 0.52 12
Ammonia Niumlan 0.06 0.02 0.24 12
Nina NibIW Niha 0.03 0.02 0.09 12

LiUni m tV expt for notd vriablss.
I Munmam cacuiahd using defectin Mit values.

n - Number of obsieralons on which calcuians are based.
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13. (Concluded).

Conceantons of those nutrients within the middle reaches of the Seneca River embayment were consis-
tently grsaer than those concentrations observed in the Tugaloo River embayment. A subsequent sampling
trip in October indicated that anoxic conditions within the two primary embayments no longer existed. An-
oxia did, however, persist In dte deeper, near-dam stations and was confirmed by the presence of greater con-
centrations of chemical variables.

Connuous data for temnpratre, dissolved oxygen, pH, and specific conductivity were collected using a
Schneider RM-25 monid in the tailrace below Hartwell Dam. These data reflected seasonal variability and
were indicative of water quality conditions in the forebay of Hartwell Lake.

Hartwell Dam outflows were fairly consistent in response to precipitation and inflow levels early in the
year, but nearly doubled September through November and were more than four times greater in December,
this due to a tremendous increase in precipitation during November. Inflows were also much higher in those
months due to greater than average rainfall during August through December, nearly double the inflows ob-
served in 1991.


